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(57) ABSTRACT

A thermal interface material 1s described for thermal cou-
pling of an electronic component to a thermally conductive
member. The thermal interface material includes a vis-
coelastic polymer matrix material, fusible solder particles 1n
the matrix material, and filler particles 1n the matrix mate-
rial. The solder particles have a melting temperature below
a selected temperature (e.g. 157° C. for indium) and the filler
particles have a melting temperature substantially above the
selected temperature (e.g. 961° C. for silver). The filler
particles keep the thermal interface material intact under
adverse thermal and stress conditions.

28 Claims, 2 Drawing Sheets
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THERMAL INTERFACE MATERIAL AND
ELECTRONIC ASSEMBLY HAVING SUCH A
THERMAL INTERFACE MATERIAL

BACKGROUND OF THE INVENTION

1). Field of the Invention

This invention relates to a thermal interface material for
thermal coupling of an electronic component to a thermally
conductive member, and to an electronic assembly which
has such a thermal interface material.

2). Discussion of Related Art

Integrated circuits are manufactured on semiconductor
walers, which are subsequently sawed or “diced” 1nto indi-
vidual dice. Such a die may have solder bump contacts on
the mtegrated circuit. The solder bump contacts are located
downwardly onto contact pads of a package substrate.
Electronic signals can be provided through the solder bump
contacts to and from the integrated circuat.

Operation of the integrated circuit causes heating thereof.
Heat 1s conducted to an upper surface of such the die and has
to be conducted or convected away to maintain the tem-
perature of the integrated circuit below a predetermined
level for the purpose of maintaining functional integrity of
the integrated circuit.

A heat spreader 1s usually located above the die and
thermally coupled to the die by a fluid thermal interface
material such as thermally conductive grease. However, the
thermally conductive grease has only a moderate thermal
conductivity and thus provides a substantial thermal barrier
for heat transferring from the die to the heat spreader.

BRIEF DESCRIPTION OF THE DRAWINGS

The ivention 1s described by way of example with
reference to the accompanying drawings wherein:

FIG. 1 1s a cross-sectional side view with a thermal
interface material located between an electronic component
and a thermally conductive member;

FIG. 2 1s a view smmilar to FIG. 1 after heating and
subsequent cooling of the thermal interface material to cause
fusing and agglomeration of solder particles thereof;

FIG. 3 1s a cross-sectional side view of an electronic
assembly including the thermal interface maternial; and

FIG. 4 1s a graph of temperature against time 1llustrating
an example of a cure and retlow temperature profile of the
thermal interface matenal.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

General Description

FIG. 1 of the accompanying drawings 1llustrates a thermal
interface material which 1s inserted between and used for
thermal coupling of an electronic component 12 to a ther-
mally conductive member 14. The thermal interface matenal
10 includes a viscoelastic polymer matrix material 16,
tusible solder particles 18 1n the matrix material 16, and
filler particles 20 1n the matrix material 16. The solder
particles 18 have a melting temperature below a selected
temperature and the filler particles 20 have a melting tem-
perature above the selected temperature. The solder particles
18 will thus melt when the temperature increases to above
the selected temperature but the filler particles 20 will not
melt.

10

15

20

25

30

35

40

45

50

55

60

65

2

The matrix material 16 may comprise between 1% and
20% of the thermal interface material 10 by weight, and
preferably comprises approximately 8% by weight.

The matrix material 16 may be a silicone, an amino epoxy,
an acrylate, or olefin resin, a low-viscosity vinyl or a
phase-change material, and 1s preferably silicone.

The solder particles 18 may comprise between 1% and
99% of the thermal interface material 10 by weight, prei-

crably at least 5% by weight, and more preferably between
25% and 90% by weight.

The solder particles 18 preferably have a melting tem-
perature of between 60 and 300° C. The solder particles 18
may be made of pure solder compositions such as mdium
(In) with a melting temperature of 157° C. or a solder alloy,
such as indium tin (InSn) with a eutectic melting tempera-
ture of 118° C., indium silver (InAg) with a eutectic melting
temperature of 139° C., tin silver (SnAg) or tin silver copper
(SnAgCu) with eutectic melting temperatures of 217° C., tin
bismuth (SnB1) with a eutectic melting temperature of 203°
C., indium tin bismuth (InSnB1) with a melting temperature
of between 60° C. and 140° C., or indium titanium (In'T1),
indium zirconium (InZr), indium titanium cerium selenium
(InT1iCeSe), mndium silver titanium certum selenium (InAg-
T1SeCe), with melting temperatures between 145° C. to 165°
C., etc.

The solder particles 18 may have diameters of between
0.2 and 100. The solder particles 18 may be a mixture of fine
and coarse particles

-

T'he filler particles 20 may comprise between 1% and 95%
of the thermal interface material 10 by weight, more pret-
erably at least 10% by weight.

The solder particles 18 and the filler particles 20 together
preferably comprise between 50% and 99% of the thermal
interface material 10 by weight, and preferably comprise
approximately 92% by weight.

The filler particles 20 (either fusible, non-fusible or
ceramic particles) preferably have a melting temperature
above 350° C. and more preferably between 800° C. and
1200° C. The filler particles 20 preterably have a melting
temperature which 1s at least 100° C., more preferably at
least 200° C., above a melting temperature of the solder
particles 18. The filler particles 20 may be nickel (Ni),
copper (Cu) with a melting temperature of 1084° C., silver
(Ag) with a melting temperature of 961° C., silver copper
(Ag/Cu), tin (Sn), and graphite, and preferably are alumi-
num (Al) with a melting temperature of 660° C. Examples
of non-fusible fillers would be boron nitride, aluminum
nitride, silicon carbide, aluminum oxide, graphite, carbon
fiber, carbon nanotubes, or diamond.

The whole assembly, including the electronic component
12, the thermally conductive member 14, and the thermal
interface material 10, 1s inserted into a furnace which heats
the assembly from room temperature to a temperature above
which the solder particles 18 melt. The solder particles 18
fuse and agglomerate together as shown in FIG. 2. Agglom-
eration 1s 1initiated by the fine ones of the solder particles 18.
The temperature to which the assembly 1s heated 1s, how-
ever, maintained below a temperature at which the filler
particles 20 melt. The assembly 1s then cooled to a tempera-
ture below the melting temperature of the solder particles 18
so that they solidify.

The temperature 1s further lowered to a selected tempera-
ture above room temperature at which the matrix material 16
cures. Cross-linking occurs between polymer chains of the
matrix material 16 while 1t 1s being cured to enhance the
viscoelastic properties of the matrix material 16. The matrix
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material 16 may be non-curable resins such as phase change
materials, which crystallize and thereby solidily at room
temperatures.

The temperature 1s then further lowered to room tempera-
ture. In the resulting structure, the solder particles 18 are
agglomerated together and have large surfaces contacting
both the electronic component 12 and the thermally con-
ductive member 14 so as to provide an unbroken path
through which heat can conduct from the electronic com-
ponent 12 through the now-consolidated solder particles 18
to the thermally conductive member 14. The matrix material
12 has the ability to absorb stresses on the material. How-
ever, without the filler particles 20, the thermal interface
material 10 may tend to flow out from between the electronic
component 12 and the thermally conductive member 14
during thermal cycling and/or when exposed to high humid-
ity. The filler particles 20 provide the necessary strength to
prevent the thermal interface material 10 from tlowing out
from between the electronic component 12 and the thermally
conductive member 14 under such conditions. The filler
particles 20 thus keep the thermal interface material 10
intact during adverse stress and thermal conditions.

FIG. 3 illustrates an assembly 30 including the electronic
component 12, the thermally conductive member 14, and the
thermal interface material 10. The electronic component 12
1s a semiconductor die (hereafter referred to as a “die 127)
having an integrated circuit formed 1n and on a lower surface
thereot. Solder bump contacts 32 are formed on the inte-
grated circuit. The assembly 30 turther includes a package
substrate 34 having contact pads (not shown) on an upper
surface thereof. Each contact 32 1s located on a respective
contact pad. The combination of the package substrate 34
and the die 12 1s then inserted into a furnace so that the
contacts 32 melt, and 1s then cooled so that the contacts 32
secure the die 12 to the package substrate 34.

The thermally conductive member 14 1s made of metal or
ceramic and forms part of a metal cap having sides 36
extending downward from edges of the thermally conduc-
tive member 14 past the die 12 to the substrate 34. The
thermal interface material 10 1s 1n the form shown 1n FIG.
1 when the cap 1s located over the die 12. Only then 1s the
assembly 30 located 1n a furnace so as to transiorm the
thermal interface material 10 1nto the form shown 1n FIG. 2.

EXAMPLE

An example of the thermal interface material 10 1s now
gIven.

The matrix material 16 1s silicone comprising 8% of the
thermal interface material 10 by weight. The solder material
18 1s mdium comprising 77% of the thermal interface
material 10 by weight. Indium has a melting temperature of
157° C. and does not attack silicone when melted at a
temperature above 157° C. The filler particles 20 are made
of aluminum comprising 15% of the thermal interface
material 10 by weight. The solder particles 18 and the filler
particles 20 thus comprise approximately 92% of the ther-
mal interface material 10 by weight. Aluminum has a
melting temperature of approximately 1200° C. The filler
particles 20 thus melt at a temperature which 1s 1043° C.

higher than the melting temperature of the solder particles
18.

Heat 1s generated by the die 12 and transierred through the
solder particles 18 to the thermally conductive member 14.
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Differences i thermal expansion of the die 12 and the
thermally conductive member 14 cause stresses on the
material that are primarily absorbed by the viscoelastic
matrix material 14.

FIG. 4 illustrates a thermal cycle of the silicone/indium/
aluminum composition. The composition 1s heated from
room temperature of about 30° C. to approximately 170° C.,
which 1s above the melting temperature of indium so that the
indium solder particles 18 melt. The composition 1s main-
tamned at 170° C. for approximately two minutes, 1.¢., until
suflicient agglomeration has occurred. The composition 1s
then cooled to a temperature of approximately 123° C.,
which 1s below the solder material’s melting point, and the
solder particles solidity. The silicone polymer cures at 125°
C. for about one hour. Curing time and temperature may be
varied and are related to one another.

While certain exemplary embodiments have been
described and shown 1n the accompanying drawings, it 1s to
be understood that such embodiments are merely 1llustrative
and not restrictive of the current invention, and that this
invention 1s not restricted to the specific constructions and
arrangements shown and described since modifications may
occur to those ordinarily skilled in the art.

What 1s claimed:

1. A thermal interface material for thermal coupling of an
clectronic component to a thermally conductive member,
comprising:

a viscoelastic polymer matrix material;

fusible metal solder particles 1 the matrix matenal,

having a melting temperature below a selected tem-
perature of 300° C.; and

filler particles 1n the matrix material, having a melting

temperature above the selected temperature.

2. The thermal interface material of claim 1 wherein the
matrix material comprises between 1 and 20% by weight of
the thermal interface material.

3. The thermal interface material of claim 2 wherein the
matrix material comprises approximately 8% by weight of
the thermal interface matenal.

4. The thermal interface material of claim 1 wherein the
matrix material 1s selected from the group consisting of a
silicone, an amino epoxy, and acrylate, an olefin resin, and
a phase-change maternal.

5. The thermal intertace material of claim 4 wherein the
matrix material 1s silicone.

6. The thermal interface material of claim 5 wherein the

solder particles comprise between 1 and 99% by weight of
the thermal interface matenal.

7. The thermal intertace material of claim 6 wherein the
solder particles comprise at least 3% by weight of the
thermal interface material.

8. The thermal interface material of claim 7 wherein the
solder particles comprise between 25 and 90% by weight of
the thermal interface material.

9. The thermal interface maternial of claim 1 wherein the
solder particles are selected from the group consisting of In,
InSn, InAg, SnAg, SnAgCu, SnBi, InSnBi1, InTi, InZr,
InTiCeSe, and InAgliSeCe.

10. The thermal interface material of claim 1 wherein the
matrix material 1s silicone and the solder particles do not
substantially attack the silicone when the solder particles
melt.

11. The thermal interface material of claim 1 wherein the
solder particles have a melting temperature between 60 and

300° C.
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12. The thermal interface material of claim 11 wherein the
solder particles have a melting temperature of approximately
157° C.

13. The thermal interface material of claim 1 wherein the
solder particles have widths of between 0.2 and 100
microns.

14. The thermal interface maternal of claim 1 wherein the
filler particles comprise between 1 and 95% of the thermal
interface material by weight.

15. The thermal interface material of claim 14 wherein the
filler particles comprise at least 10% by weight of the
thermal interface matenal.

16. The thermal interface material of claim 15 wherein the
filler particles comprise approximately 15% by weight of the
thermal interface matenal.

17. The thermal interface material of claim 15 wherein the
solder particles and the filler particles comprise between 30
and 95% by weight of the thermal interface material.

18. The thermal interface material of claim 17 wherein the
solder particles and the filler particles comprise approxi-
mately 92% by weight of the thermal interface material.

19. The thermal interface material of claim 15 wherein the
filler particles are selected from the group consisting of Ni,
Cu, Ag, Ag/Cu, Sn, graphite and Al.

20. The thermal interface material of claim 19 wherein the
filler particles are Al.

21. The thermal interface material of claim 15 wherein the
filler particles have a melting temperature above 350° C.

22. The thermal interface material of claim 16 wherein the
filler particles have a melting temperature which 1s at least
100° C. above a melting temperature of the solder particles.

23. The thermal interface material of claim 15 wherein the
filler particles have a melting temperature which 1s at least
200° C. above a melting temperature of the solder particles.

24. A thermal 1nterface material for thermal coupling of an
clectronic component to a thermally conductive member,
comprising;
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a viscoelastic polymer matrix matenal;

fusible metal solder particles in the matrix matenal,

having a melting temperature below 200° C. and do not
substantially attack the matrix material when the solder

particles are melted; and

filler particles in the matrix material, having a melting,
temperature above 400° C.

25. The thermal interface material of claim 24 wherein the
matrix material 1s silicone.

26. The thermal interface material of claim 25 wherein the
filler particles are aluminum.

27. An electronic assembly comprising:

an electronic component which generates heat when oper-
ated;

a thermally conductive member spaced from the elec-
tronic component; and

a thermal interface material between the electronic com-
ponent and the thermally conductive member, the ther-
mal interface material including a viscoelastic polymer
matrix material, metal solder particles that are fused
together so as to provide an unbroken thermal path for
heat to conduct from the electronic component and the
thermally conductive member and having a melting
temperature below a selected temperature, and filler
particles in the matrix maternial having a melting tem-
perature which 1s at least 100° C. above the selected
temperature.

28. The electronic assembly of claim 27 wherein at least
one of the filler particles 1s 1n contact with and entirely
surrounded by one of the solder particles.
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